A new anuran species of the genus Boophis from the rainforests of eastern Madagascar is described. This species differs from the other Boophis by the presence of lateral dermal fringes on the arms, legs and lower lip, and its lichen-like dorsal colouration. It is included in the B. tephraeomystax group due to several morphochromatic characters. Tadpoles probably belonging to this species have a peculiar colouration: black with a bright yellow transverse stripe on the body and a yellow spot at the dp of the snout. Behavioural observations Support the assumption that frogs of this species probably spend the day on branches covered with lichens. A comparison with other Madagascan amphibians and reptiles with dermal fringes is provided.
Introduction
Taking into account the recently described new species (e.g. Andreone et al., 1995; Cadle, 1995; Andreone, 1996; Glaw and Vences, 1997a, c) the Madagascan treefrog genus Boophis Tschudi, 1838 (Ranidae: Rhacophorinae) currently contains 40 species. Based on morphological and ecological traits seven phenetic species groups are distinguished (Blommers-Schlösser and Blanc, 1991) . The B. tephraeomystax group currently consists of eight species (Ohler, 1996; Glaw and Vences, 1997c) : B. tephraeomystax (Dumeril, 1853) , B. idae (Steindachner, 1867) , B. opisthodon (Boulenger, 1888) , B. pauliani (Guibe, 1953) , B. microtis (Guibe, 1974) , B. guibei (McCarthy, 1978) , B. hillenii BlommersSchlösser, 1979 , and B. xerophilus Glaw and Vences, 1997 . We describe a new species of Boophis probably belonging to the tephraeomystax group. The frog was found during field surveys in low and midaltitude rainforests of eastern Madagascar and is peculiar in having dermal fringes and a cryptic colouration. features of the tadpoles. This attribution is also supported by phenetic similarities with Boophis guibei including the granular dorsal skin, dark dorsal ridges, and the ventrally orange tips of fingers and toes.
Holotype. NHMB 1033822 (figs 1-3), adult male, collected in the rainforest of An'Ala (An'Ala = the forest), approximately 6 km east of Andasibe, central eastern Madagascar, Moramanga Fivondronana, Toamasina Province, 48°29'E, 18°55'S, 890 m elevation, 30 January 1995 by D. Vallan.
Paratypes. MRSN A1865, adult male collected at Tsararano Chain, Camp 1 (place locally known as "Antsarahan'ny Tsararano" = place where the Tsararano river divides in two branches), Andapa Fivondronana, Antsiranana Province, 49°41'23"E, 14°54'40"S, 785 m elevation, 2 December 1996 by F. Andreone (Myers and Duellman, 1982) : I 2-2.5 II 2-3 III 2-1.75 IV. According to the notation of Blommers-Schlosser (1979): 1(1), 2i(1.5), 2e(l), 3i(2), 3e(l), 4(0.75). Well developed webbing between toes (webbing between fourth and fifth toe of the left foot not complete, probably because of an injury). Webbing formula (Myers and Duellman, 1982) : I 1-2 II 1-2 III 1-2 IV 2-1 V. According to the notation of BlommersSchlosser (1979) : 1(0), 2i(l), 2e(0), 3i(l), 3e(0), 4i(l), 4e(l), 5(0). Dorsal skin thickened especially in the centre of back. Dermal fringes on lower lip, outer edge of tarsus and forearm (tubercles and fringes are reduced in alcohol). Ventral skin slightly granular.
• * Figure 3 . Boophis lichenoides n. sp. holotype, pressed against a branch. Description and colour of paratypes. The colouration and morphology of the paratypes from the Tsararano Chain are very similar to those of the holotype. Instead of cream, the colour of the back is brown and no orange colour is present on the underside of the finger tips. The webbing of the fingers and toes is also similar to that of the holotype. Formulae according to Myers and Duellman (1982) system ( The specimens from Vevembe were very similar to specimens from the other localities in colouration. Colour notes on Vevembe specimens are taken from JEC's field notes. At night dorsal ground colour brown with irregular darker brown markings. During day, dorsum ash-white with irregular fine black lines. Iris whitish with fine darker lines. Throat whitish with blackish markings. Pectoral area and belly black. Small pale blue spots in groin and on posterior and anterior surfaces of thigh. Ventral hind limb black, becoming more gray distally. Dorsal surface of hind limbs ash white with bronze-brown bars. Fingers and toes, especially distally, are red. Webbing blackish gray but suffused with red. Change from the nocturnal brown colour to the daytime whitish colour was rapid, taking place over a period of several minutes. The Vevembe specimens have fewer stripes on the limbs than the holotype.
Secondary sexual characters. Males of Boophis lichenoides have vocal slits. The nuptial pad consists of a thickened patch of skin covering the prepollex and a small portion of the first fingers. It shows a somewhat lighter colour than the surrounding skin of the hand.
Colouration in preservative.
The holotype after about eighteen months in ethanol maintained the general colouration pattern, although the back became almost completely light creamish. Stripes on legs became rather indistinct, whereas the light blue shading on flanks, belly and underside faded, as well as the orange colour of the underside of the hands and feet. A similar fading occurred also in metamorphosed paratypes after about seven months of preservation.
The MCZ series from Vevembe was preserved so as to indicate some of the extreme colour variation between the light and dark forms. MCZ 128789 was preserved while light-adapted (white). MCZ 128790 and 128792-96 were preserved while dark-adapted (brown) (these specimens were held in a dark container to cause the colour change during daylight). The remaining four MCZ specimens are somewhat intermediate between these extremes. The throat of the MCZ specimens is mottled with dark brown and whitish, and the belly is dark gray with a variable covering of tiny white spots (blue in life). Fading of the colouration of the MCZ specimens in preservation does not seem to have been as great as in the other specimens (except for the blue spots and red colouration on the hands and feet), perhaps because this series was originally fixed in formalin, in contrast to ethanol for the other specimens. After 2 years in alcohol, the MCZ paratypes retained their overall colouration as preserved, although the brown and gray is somewhat duller than in life.
Larvae (fig. 4) . Tadpoles that most probably belong to B. lichenoides were found at the type locality An'Ala (NHMB 1043146 (2 specimens), collected 16 January 1996 by D. Vallan; ZFMK 62259 and 62260, collected 3 February 1996 by F. Glaw), in the Tsararano Chain (MRSN 1859 (18 specimens), collected 2 December 1996 by F. An- dreone and J.E. Randrianirina), and at Vevembe (MCZ 128797 (6 specimens), collected 8-11 January 1996 by J.E. Cadle). Thus, tadpoles referred to B. lichenoides are known from all three localities from which adults have been collected. The colour of the tadpoles is grey to black with a yellow or golden band at midbody and a yellow or golden tip of the snout. The tail of the northern specimens is yellowish to greyish and the belly light with small dark spots. The tail muscle and fins of Vevembe specimens were bright yellow in life. We suspect that the contrasting colours of the tadpoles may be aposematic, but we have no observations at present to support this speculation.
Following the tadpole stage classification proposed by Gosner (1960) the development from stage 35 (35.5 mm total length) to juvenile frogs (NHMB 1043145 (n = 5)) measuring 13 mm snout-vent length (stage 46) took about 10 days at a temperature around 24°C. The average ratio of tail length to body length is 2.1. At midlength of the tail, the height is about 1/4 of the tail length and the height of the musculature represents 1/3 of the tail height. In the anterior part of the tail the musculature is thickened. The ovoid tadpole has big, laterally directed eyes. The body is slightly flattened dorsoventrally. The spiracular opening is situated on the left side and pointed upwards. The tooth formula is 1/5 + 5//1 + 1/2 (n = 5) or 1/5 + 5//3 (n = 8) for the tadpole stages 26-32 and 1/4 + 4//1 + 1/2 (n = 7) or 1/4 + 4//3 (n = 6) for the stage 25. The beak is well developed.
The tadpoles collected at the type locality were found resting on the bottom in stagnant or slowly running waterpools in pristine forest. In captivity they fed on green algae which were common in the pools. Metamorphosis occurred in February. With the exception of a few characteristics (ventral side not blue, fingertips not red and reticulation on the back not developed), the juvenile colouration is very similar to that of adults.
At Vevembe tadpoles attributed to Boophis lichenoides were collected from a temporary pool on the floodplain of a swamp, which had abundant decaying vegetation on the bottom. Tadpoles were collected by straining and sorting through this decaying mass and were never observed on top of the substrate or in the water column, despite long observations. Tadpoles belonging to three other species were collected from the same pool. One of these species was Paradoxophyla palmata (Guibe, 1974) (Microhylidae); the others, as yet unidentified, are probably species of Boophis, Mantidactylus, and/or Mantella Boulenger, 1882 (Ranidae: Mantellinae) which are known from the site. Glaw and Vences (1994: Plate 168) figured and described the same coloured tadpole type from the Ankeniheny forest (eastern Madagascar) and the Marojejy massif (northeastern Madagascar). Juveniles reared from these tadpoles (ZFMK 57403 from Ankeniheny and ZFMK 57404 from Marojejy) had a colouration resembling females of Boophis pauliani, whose tadpoles have not yet been described. Therefore, Glaw and Vences (1994) assigned these conspicuously coloured tadpoles tentatively to B. pauliani. However, the occurrence of these tadpoles at the localities of B. lichenoides and the similarities between the reared juveniles and the adults of B. lichenoides strongly suggest that they belong to B. lichenoides.
Call. The call of B. lichenoides was noticed at Tsararano Camp 2. Two animals were recorded. They were sitting on a leaf at a certain elevation from the ground and did not appear to be vigilant and active. The vocalizations were emitted with a silent interval varying from about 60 to 400 seconds. The call consisted in a series of single sounds varying from three to five. The call was rather "croaking". Unluckily the bad quality of the recording does not allow to present a sonogram here. Anyway at a first preliminary analysis we can affirm that the fundamental frequency ranged from about 0.5 to 1.0 kHz, with a frequency peak at about 3 kHz. In some signals it was possible to identify harmonics at about 1.2, 2.4 and 3.6 kHz.
Etymology. "Leichen" (Greek) means lichens; "oides" (Greek) means like or -shaped. The name refers to the dorsal colouration of B. lichenoides n. sp. which is similar to tree bark covered with lichens.
Habitat and habits. The holotype was found resting on the upper side of a Pandanus leaf in 1.2 m hight above a pool in a pristine rainforest (An'Ala). Possibly, this animal was disturbed from its resting place during the day by a predator, therefore occurring by accident on a green Pandanus where it attracted attention to the collector by its light colour; alternatively, or perhaps in addition, the light colouration could have a role in thermoregulation, as has been demonstrated for some other frogs. Based on the lateral dermal fringes and dorsal colouration of Boophis lichenoides it can be presumed that this probably nocturnal species normally rests on light coloured or lichen-covered treebark during the day. The following observation supports this assumption: as the frog was handled to take photographs, it bent over a branch which was covered with lichens and flattened itself against the substrate. The eyes were partly closed, but the largest part of the iris was still visible; however, the eyes were hard to recognize because of the cryptic iris colouration. Due to its dorsal colouration and its skin fringes on arms, legs and lower lip, the frog's outline disappeared nearly entirely ( fig. 3) .
By artificial clasping behind its arms the frog was stimulated to emit release calls. Unfortunately this behaviour could not be triggered again when a tape recorder was available. During bioacoustic surveys at the type locality (December 1994 , February and March 1995 and February 1996 no unidentified anuran calls were recorded or heard which potentially could be the calls of B. lichenoides. This may indicate that the reproductive activity of this species is either rather discontinous or occurs at the beginning of the rainy season.
Boophis lichenoides was found at Tsararano rainforest during the night. The habitat there consisted of a rather intact rainforest, with a few parcels of a little degraded vegetation. One animal (male) was found swimming in a small stagnant pool along a small stream. The other animals (adults) were found sitting on a leaf at about 50-100 cm above the ground. Tadpoles were collected in a temporary pool next to the pool where the swimming male was found. The bottom was covered by dead leaves and other decaying material. Other tadpoles present there most likely were of other Boophis species (possibly B. reticulatus Blommers-Schlosser 1979) and Mantidactylus which were found at that site.
At Vevembe JEC observed a male of Boophis lichenoides calling at night from the leaf litter on the ground at the edge of the pool where the tadpoles referred to B. lichenoides were collected. The call was a single soft note repeated every few seconds. Two egg clutches, possibly of B. lichenoides (but possibly also of one of the unidentified species whose tadpoles were present in the pool), were collected in the same pool. The clutches were a loose mass of small eggs (approximately 1-1.5 mm in diameter) in the leaf litter and debris in the bottom of the pool. All the other specimens from Vevembe were collected at night from low vegetation in a floodplain swamp (described below), but no others were heard calling.
The habitat at Vevembe where Boophis lichenoides was collected was the broad floodplain of a blackwater stream (sandy bottom with slow current) flowing through a swamp that contained numerous Pandanus (including a large species emergent from the stream). The terrain was flat overall, but somewhat undulating on a fine scale. The floodplain had numerous stagnant pools of varying sizes in the uneven terrain. All pools contained a deep substrate of decaying vegetation and debris. At Vevembe heavy rains occurred every day during the period when B. lichenoides was collected and the ground was saturated with water. Because of the low relief there was much standing surface water. The surrounding forest at Vevembe may have been selectively logged many years ago because there were few large trees (alternatively, this could be due to the inability of the saturated ground to support very large trees). Nonetheless, it appeared to be in relatively pristine condition.
Many sandy streams dissected the area and there were large swamps. Pandanus and tree ferns were abundant. Observations at all localities from which B. lichenoides is known suggest that it inhabits pristine forests or swamps with little relief and containing slow moving or standing water, in which the species appears to breed.
Discussion
The large dermal fringes of B. lichenoides n. sp. are unique for the genus Boophis, although Cadle (1995) described small ulnar ridges for the recently described B. periegetes. Only a few other Madagascan frogs (genus Mantidactylus, subgenus Spinomantis) are known to have dermal fringes along the lateral margins of the body. Mantidactylus aglavei (Methuen and Hewitt, 1913) was photographed in its resting position (during the day) pressed against the bark of a tree (Glaw and Vences, 1997b) showing that the fringes help to break up the outline of the body and prevent the formation of shadow. The spinous dermal fringes of M. aglavei and the closely related M. fimbriatus Glaw and Vences, 1994 are restricted to lateral margins of the body and limbs whereas M. phantasticus Glaw and Vences, 1997 has additional dermal fringes on the whole dorsal surface. Glaw and Vences (1997b) suggested that the differences in the structure of the fringes and in dorsal colouration between these Mantidactylus species may be correlated with different preferences of resting sites during the day. In general the dorsal colouration, skin surface, and the shape of fringes in B. lichenoides n. sp are similar to those of nocturnal geckos of the genus Uroplatus Dumeril, 1805, especially U. sikorae Boettger, 1913 . These species also spend the day on branches pressing the body and fringes against the bark. If these geckos are disturbed in their resting position, they sometimes flatten themselves against the branch as it was observed in Boophis lichenoides n. sp.
The general similarities in morphology and habits of Boophis lichenoides n. sp., Uroplatus and some Mantidactylus species indicate that the diurnal resting sites on trees or branches favour convergent adaptations in order to prevent predation. However, differences in dorsal colouration and dorsal structures between the species suggest that the tree bark may consist of different microhabitats. Given the ability of B. lichenoides to rapidly change its colour from white to dark brown, it may be able to take advantage of several microhabitats within the canopy.
The discovery of Boophis lichenoides n. sp. adds an unusual species to the Boophis tephraeomystax group. Species of this group occur in extremely different habitats including primary rainforests, secondary wet forests, open habitats of eastern Madagascar, deciduous dry forests and even desert-like areas of southwestern Madagascar. Six out of nine species currently attributed to the B. tephraeomystax group (B. guibei, B. idae, B. hillenii, B. pauliani, B. tephraeomystax, and B. lichenoides n. sp.) occur in the Andasibe area in central eastern Madagascar. Thus, the rainforest communities of central eastern Madagascar seem to contain the highest species diversity for this group.
